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SUMMARY
This thesis deals with some experimental studies of intercalation of tran-
sition metal dichalcogenides by different kind of atoms or molecules. An
introduction to the "intercalation chemistry" of these layered solids is given
in Chapter 1.
The Galvanostatic Intermittent Titration Technique ( GITT ), where the
intercalate is applied as a solid solution electrode in a concentration type of
electrochemical cell, enables a rapid determination of thermodynamic and kinetic
parameters of the intercalation reaction. The experimental set-up has been out-
lined in Chapter 2.
The presence of a substantial concentration of NHi ions in ammonia-inter-
calated host dichalcogenides gives a simple explanation for the unexpected
observation that the C3-axis of NH3 is parallel to the host layers [t]. In
Chapter 3, a neutron powder diffraction study of 3R-TiS2ND3 at 3OO K and
4,2 K is presented. The results are consistent with a model with a spherically
symmetric distribution of deuterium around nitrogen with a N - D distance of
1.0Á (isotropically rotating ND3), nitrogen atoms being at the centres of the
trigonal prisms of sulfur atoms.
Structures of intercalates 3R-VS2NH3 and 3R-TaS2NH3, isostructural with
3R-TiS2NH3, as determined by X-ray powder diffraction are described in
Chapter 4. Magnetic properties of 3R-TiS2NH3, 3R-VS2NH3 and 2H-TaS2NH3
are interpreted in terms of a charge transfer from the intercalant to the
transition metal d-states, in agreement with the ionic model of intercalated
NHs.
In Chapter 5, a study of Na intercalation into lT-TiXz ( X = S, Se ) is
described. The structure of the second-stage intercalates Na*TiX2 ( x - O.3 )
was determined in the present study. The structures of the second-stage
(6R( I )  phases)  and f i rs t -s tage (3R( I )  phases)  in te rca la tes ,  bo th  w i th  t r igona l -
prismatic coordination of Na, are derived from that of 1T-TIX2 by a shear
transformation of the TiX2 sandwiches. A similar transformation within the
host sandwiches results in octahedral coordination of the alkali-metal, observed
at high Na content (3R(II) phases). We observed the 6R(I) intercalates to
transform reversibly into 3R( I ) at high temperatures; a discussion is given in
terms of theoretical models proposed for the staging phenomenon. Na2TiS3
and Na2TiSe3 decompose peritectically into 2H( I )-Na*TiX2 and sodium chalco-
genide.
Magnetic and electrical transport properties of phases Na*TiS2 and Na*TiSe2
are presented in Chapter 6. The Na intercalates behave as d-band metals,
with a substantial transfer of the sodium valence electron to the lowest- lying
<:onduction band ( mainly transit ion metal-derived ),  which is empty in tht:
unintercalated material. The Pauli susceptibility in phases Na*TiS2 and Na*TiSe2
is enhanced due to correlation in. the narrow d-band. The results line up with
a general model of alkali-metal intercalation into 3d-metal dichalcogenides.
In order to understand the effect of structure on kinetics and stability of
the solid solution electrode Ag*NbS2, a structural and electrochemical study
of silver intercalation into 2H-NbS2 has been performed, as described in
Chapters 7 and B, respectively. Phase analyses confirm the occurrence of two
structurally related phases, being second-stage (O.22 < x < O.3O ) and first-stage
(O.55 < x < 0.76 ). Silver atoms reside in tetrahedral holes between neighbouring
sandwiches NbS2, whereas intercalation is accompanied by shear transformation
of these sandwiches. First-stage 2H-Ag*NbS2 has the 2H-MoS2 stacking,
while in second-stage 6R-Ag*MS2 the stackings observed in 2H-NbS2 and
2H-MoS2 alternate, as determined by X-ray diffraction techniques from single-
crystal and powder specimens ( Chapter 7 ).
Kinetic parameters of the mobile ionic species ( Ag ) were obtained from
ac response and GITT at about 450 K, using cells Ag,/AgLlAg*NbS2, in which
AgI is the solid electrolyte ( Chapter B ). The low chemical diffusion coefficient
of Ag in second-stage Ag*NbS2 (D * lo-ó's 
"rn2/"),  compared to that exhibitedby the first-stage phase ( D r 1g-a's .^t/"), is attributed to an island type
domain structure for the former phase. The coupling of the diffusion with
shear transformations, similar to those occurring on stage-conversion ( stage-2
à stage-l), hampers silver diffusion in second-stage Ag*NbS2.
Finally, in Chapter 9, the magnetic and electrical transport properties of
phases Ag*NbS2 are given. The results indicate a charge donation from inter-
calated Àg atoms to the half-filled dr2 band of Nb in 2H-NbS2, in agreement
with a simple rigid-band model of intercalation. A two-band model, of overlap-
ping dr2 band and valence band ( mainly non-metal derived ) is necessary to
explain the data on the Hall and Seebeck effects. Anomalies in the low-tempe-
rature region of the transport properties strongly suggest order-disorder
transitions of intercalated Ag.
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